preferment and eventually attained to the titular position of Abbe, although it is certain that all of his energies were devoted to learning rather than to clerical duties.
In 1754 Spallanzani occupied successively the chairs of logic, metaphysics and Greek in the University of Reggio in Lombardy. He held a position there until 1760, when he was transferred to the chair of natural history at Modena. Here his leisure hours were spent in research. Spallanzani soon won fame as a lucid teacher. Once his position was assured, many universities desired him to accept their chairs. In 1769 we find him professor of natural history and director of the museum at Pavia, where he had been invited by Maria Theresa, who had re-established Pavia university in 1768. It was during the tenure of this professorship that he conducted his well-known journeys, which enabled him to augment the collections of the Pavia Museum.
Spallanzani was an indefatigable traveller. He traversed Switzerland in 1779, and two years later explored the shores of the Mediterranean. During 1782 and 1783 he visited Istria and the Adriatic coast. In 1785 he was at Constantinople, Corfu and Cyprus. In 1788 he made a study of Vesuvius and the volcanoes of the Lipari Islands, as well as a complete geological and geographical survey of Sicily.
The results of his exploration of the latter were published as: Viaggi alle due Sicilie ed in alcune parti dell'Appennino (Pavia, 1792-7) . Returning to Pavia after his expeditionl to Sicily, Spallanzani settled down again to his university work and to further research. This was terminated by a sudden fatal seizure of apoplexy on the 11th of February, 1799.
His works are most conveniently studied in the collected edition of his works (6 vols., Milan, 1825-6) . Although much eulogized, his writings have not attracted the attention they deserve. A few isolated works have been translated into French and English. In 1777 Senebier translated into French' Spallanzani's Opuscoli di fisica animale e vegetabile (Modena, 1776), and in 1784 the Dissertazioni di fisica animale e vegetabile (Modena, 1780, 2 vols.). There are also French 2 and English 3 translations of his Viaggi alle due Sicilie ed in alcune parti dell 'Appennino (Pavia, 1792 (Pavia, -1797 , and a French4 and English (London, 1804) version by Senebier of his posthumous work on respiration, Memoria sulla respirazione (Milan, 1803).
Spallanzani's excellent work on digestion has been rendered into both English and French. His letters do not seem to have been published in a collected form.
As a teacher, expositor and controversialist, Spallanzani had no equal in his day. Though his fame rests chiefly on his physiological work, he was extremely versatile, directing his researches into the realms of natural history, geology, meteorology, embryology, physiology and topography. His investigations remain a monument of industry, diligence, and judicious criticism. As a critic he was modest, always courteous and almost apologetic. The strictures of John Hunter the English surgeon and anatomist were quite unjust. Spallanzani's experiments on regeneration in animals also drew the petulant censure of Voltaire, who heaped his usual sarcasm and ridicule upon his victim. Further attacks were made on Spallanzani by the Abb6 Cotte, a well-known meteorologist of the time, and by Bomare, the compiler of the Dictionnaire d'histoire naturelle. Several of Spallanzani's countrymen, who were apparently jealous of his position at Pavia, trumped up a false charge of mismanagement of the Pavia Museum, but inquiry showed the accusation unfounded. 1 Opuscules de physique, animale et vuqgtale. Geneva, 1777.
2 Voyages dans les deux Siciles et dans quelques parties des Apennins. Traduits par G. Toscan.
Paris, 1800. 6 tom. 3 Travels in the two Siciiies and some parts of the Apennines. London, 1798. 4 vols. 4 Rapports de l'air avec les etres organises. Geneva, 1807. Trans. by J. Senebier.
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The first important work by Spallanzani was his Saggio di osservazioni microscopiche relative al sistema della generazione di Signore Needham e Buffon (Modena, 1765). This work, like those that followed it, exhibits a clear and forceful style. It is quite free from the tedious prolixity that characterizes much of the scientific writing of the century, and it possesses the merit of being easily comprehended and analysed. The reader cannot fail to be impressed by its sane and modest criticisms, and by its rigorous logic.
In this work Spallanzani dealt with the generation of organized beings, and combated the views of Needham and Buffon on the nature of the animalculae of irnfusions. Spallanzani showed that these were not mere wandering " organic molecules" as Buffon suggested, but distinct individual organisms, which like all animals and plants arose from seeds or germs. This was a preliminary to his work on spontaneous generation, the results of which were embodied in the Opuscoli di fisica animale e vegetabile (Modena, 1776). Spallanzani's researches on spontaneous generation were conducted with great precision, and his proofs, both positive and negative, were so varied and forceful, that his position was almost unassailable.
In fact his skilfully conducted experiments permit us to compare him with Pasteur. No less remarkable were Spallanzani's investigations on the regeneration of parts of lower animals. These researches were published in Prodroma di un opera da imprimersi sopra le reproduzioni animali (Modena, 1768). Spallanzani proved that snails, newts and worms can renew mutilated or missing parts. Shortly afterwards there appeared his work on the circulation, Dei fenomeni della circolazione osservata nel giro universale de' vasi . . . (Modena, 1773), in which he made microscopical observations on the circulation of the blood in cold-blooded animals and in the chick embryo. Very little notice has been taken of this treatise, although with his work on fertilization it certainly ranks as a classic in the history of embryology.
Spallanzani's researches on digestion, commenced about 1776, were published in his Oputscoli di fisica animale e vegetabile and in the Dissertazioni di fisica animale e vegetabile (Modena, 1780). These proved in a decisive manner that digestion is not a simple mechanical process, but one of true solution, occurring mainly in the stomach under the influence of the gastric juice.
The Opuscoli -also contain som-e remarkable observations on moulds. Spallanzani investigated their morphology, the conditions necessary for their growth, their repro,duction by spore formation, and the resistance of these spores towards heat and desiccation. He further observed that the spores of moulds only develop in certain media, and that they are disseminated throughout the air. Moulds spring up by these spores alighting on decomposing organic matter.
Spallanzani's earlier work on respiration, which appeared in his Opuscoli of 1776, consisted of an examination of the effect of a limited supply of air on living beings. Thus he found that certain animalcule could live for long periods without much air, and that certain seeds could germinate in an enclosed volume of air. He further noted that cold-blooded animals can endure deprivation of air longer than warmblooded ones. Death resulting from lack of air is due, according to Spallanzani, to the presence of a lethal vapour in expired air that acts upon the nervous system. These earlier researches, which appeared before Lavoisier's fundamental work on respiration (1777-1790), were considerably extended in Spallanzani's later years, and the results published in 1803, at Milan, in a posthumous work entitled Memorie sulla respirazione.1 In this work Spallanzani described important observations on external influences affecting respiration, such as temperature and atmospheric pressure, and he arrived at the highly important conclusion that the tissues of the organism respire as well as the organism as a whole. He also made the fundamental discovery that animals placed in an atmosphere devoid of oxygen continue to give out carbon dioxide.
Spallanzani's investigations into the nature of fertilization were published in Italian in 1780.1 He concluded that the ova of higher and lower organisms do not develop without the seminal fluid of the male, which fertilizes them. By the artificial fertilization of the eggs of the frog and tortoise, and by the successful introduction of seminal fluid into the uterus of a bitchl, he showed that the development of the ovum is dependent upon the activity of the seminal fluid, but he erroneously concluded that it was the fluid medium and not the spermatozoa that caused fertilization. This error was corrected in 1824 by Prevost and Dumas, who showed that filtration destroyed the fertilizing power of the fluid. Spallanzani had previously (1771) made some observations on the microscopy of the semen of human beings and various animals, and the resistance of the spermatozoa to external influences. STUDIES ON SPONTANEOUS GENERATION.
Of old the idea prevailed that certain organisms arose from putrescent matter, as vermin were thought to arise from filth. The doctrine of spontaneous generation occupied a place in the system of Aristotle2 (384-322 B.C.), and indeed until the experiments of the later seventeenth century such a view of life could hardly be denied since it seemed self-evident. Van Helmont3 (1577-1644), who possessed one of the keenest intellects of his day, may be cited as one who shared Aristotle's view, and Joachim Jung (1587-1657) was perhaps the first who threw doubt upon it.
The seventeenth century saw the extensive use of the magnifying glass and the invention of the microscope. These gave a new view of animate life. Giuseppe Aromatari4 (1586-1660) insisted that all plants arise from seed and all animals from the egg. In 1651 William Harvey' (1578-1657) put forward the same view in his well-known dictum, Ex ovo omnia. Francesco Redi (1626-1697)" took the first step in the scientific refutation of spontaneous generation by proving experimentally that the flesh of dead animals does not engender worms unless the ova of live ones be first deposited on the flesh (1668). From this time onwards it was widely accepted that readily visible organisms were not propagated by spontaneous generation.
As regards minuter forms of life, the matter was complicated by microscopic progress. In 1683 A. von Leeuwenhoek '1632-1723) discovered the organisms that we now call bacteria, and it was soon found that swarms of these organisms appeared with infusoria in putrid organic matter. An hypothesis soon arose, which, whilst accepting the generation of the higher forms of life from seed, held that microscopic organisms were produced spontaneously from non-living matter. This view, held among others by Leeuwenhoek,7 was not finally refuted until the advent of Pasteur. Whilst Redi had a considerable following, there were still many who opposed the doctrine of universal biogenesis.
Reaumur4 (1683-1757) and Vallisneri9 (1661-1730) warmly opposed belief in spontaneous generation. The latter writer was also one of the originators of the theory of pre-existiuig germs, a doctrine diametrically opposed to that of spontaneous generation, although it had then little experimental support to recommend it. In this connection reference should be made to Joblot' (d. 1725), an obscure French writer of the early seventeenth century, who experimentally combated the doctrine of a biogenesis as far as microscopic beings were concerned. He believed that the seeds of micro-organisms are disseminated throughout the air or are deposited on certain objects, and that they develop only on alighting in suitable media, from whicA they receive nourishment. The Englishman Henry Baker2 (1698-1774) also pointed out in 1743 that the appearance of organisms in infusions is due to the seeds of the organisms developing, and not to any spontaneous growth from dead matter. Baker agreed with Joblot in ascribing the appearance of minute organisms in decomposing matter to their production from air-borne seeds.'
A retrograde step was taken by John Turberville Needham' (1713-81). He rejected the conception of the generation of micro-organisms from seeds in the air, in favour of Buffon's view that in all organisms there existed certain organic molecules, which on the death of the organism became re-organized into small microscopic beings. With the aid of these preconceived views, Needham performed his experiments about 1745. He boiled animal and vegetable infusions in flasks that were afterwards well corked and allowed to stand. Sixty to eighty tests were thus made, and organisms ultimately developed in all the infusions. The corking up of the flasks, explained Needham, ruled out the theory of seeds or germs entering them from the atmosphere. According to him the organisms were produced by a "vegetable force residing in every microscopical point of animal or vegetable matter."' These views were popularized by the Comte de Buffon (1707-1788) in his Histoire Naturelle' (1749-67). There he put forward his doctrine of organic molecules. Buffon assumed that all animals and vegetables and all their parts contained a large number of living organic molecules, and that these formed the common unit of animals and plants. After death the organic molecules of the once living body became rearranged to form micro-organisms. Hence the microorganisms of fermentation were formed by the reunion of organic molecules and not from seeds of their own kind. Generation and death were held to consist of processes -of rearrangement of these organic molecules.
The views of both Buffon and Needham attracted widespread attention. They were strongly opposed by Spallanzani and by his close friend Charles Bonnet (1720-93). Bonnet expounded and defended the doctrine of pre-existing germs.7 All beings according to him were already pre-formed in the germ, the development, unfolding (evolutio) and nutrition of which constituted generation.8 He argued that the organisms in decomposing liquids ultimately came from air-borne organisms or their germs.
It was Spallanzani who proved that microscopic organisms were not spontaneously generated in the sense assumed by Needham experiments on which he based his arguments were conducted between 1765 and 1770. It will be remembered that according to Needham a " vegetative force" resided in inert matter, causing under suitable conditions its metamorphosis into living matter. This force was supposed to be specifically determined for each class of animal, so that a certain kind of inert matter would always develop into a specific being. Moreover the force, the activity of which Needham ascribed to the Deity, was supposed to cause the transformation of inert plant matter into vitalized animal matter and vice versa.
Spallanzani maintained that Needham's "vegetative force" was a creation of the imagination. He showed that the mere corking of flasks containing alterable organic matter, as practised by Needham, rendered the experiment invalid, since the corks being porous admitted something from the air.2 He introduced a new technique into his studies on spontaneous generation by employing hermetically sealed flasks. By boiling infusions for a long time in a flask and then hermetically sealing it, he proved that no organisms were generated as long as the flask remained sealed. In fact such infusions kept indefinitely unless the seal was broken.'
It is to Spallanzani that we owe the explanation of sterilization by heat, and the discovery that previously sterilized organic matter can be preserved in hermetically sealed vessels. This discovery was pressed into service by Scheele (1742-1786), who in 1782 utilized it for the preservation of vinegar, and by Appert, a Parisian cook, who preserved foods by exposing them in hermetically sealed vessels to the temperature of boiling water.
Yet Needham clung to his doctrine of "vegetative force," with its implication of spontaneous generation. He maintained that organisms did not develop in the sealed flasks in Spallanzani's experiments because the strong heating destroyed the " vegetative force," and because this force was rendered inoperative "by the diminished elasticity of the air."4 These objections were rigorously examined by Spallanzani.5 If the so-called "vegetative force" were annihilated or enfeebled by heat, then, argued Spallanzani, a prolonged and vigorous heating of an infusion should destroy this force, and consequently no organisms would appear. In other words the number of organisms should be inversely proportional to the degree and duration of the heating.6 To test this Spallanzani took nineteen infusions, boiled some for a short time, others longer, and the rest for a longer period still. The flasks were then loosely corked, left for some time, and then examined for microorganisms. The results clearly showed that long boiling of seed infusions did not prevent the formation of organisms, but that infusions longest boiled contained most organisms. '7 In fact the number of organisms was directly proportional to the duration of boiling, not inversely proportional as Needham insisted. Spallanzani suggested that heat has a decomposing or disintegrative effect upon the animal or vegetable matter of infusions, and consequently the more the latter is resolved the more easily it is assimilated by micro-organisms. Thus it is that these appear and develop quicker in a boiled infusion of seeds than in an unboiled infusion.8
Spallanzani made further attempts to see if the degree of heating of infusions influenced the number of micro-organisms that could subsequently develop in them. 1 Spallanzani's work relative to spontaneous generation is in Opus I. 2 Ibid., Pt. I, Cap. I, p. 12. 3 Ibid., p. 12. 4 Needham, quoted by Spallanzani, op. cit., Cap. II, p. 14. 5 Spallanzani, ibid., Cap. II. 6 Ibid., Cap. II, p. 14. 7 Ibid., pp. 15-22. s Ibid., Cap. II, pp. 20-21.
According to Needham strong heat should entirely destroy the "vegetative force" of an infusion. Eleven kinds of seeds were roasted, carbonized, heated by hot coals and blowpipes, and then infusions made with the residues and distilled water. Spallanzani still witnessed, however, the production of micro-orgahisms in these infusions.' " These facts only convince me," he concluded, " that plant seeds never fail to produce micro-organisms when exposed to any degree of heat. Hence 'vegetative force' is nothing but the work of imagination. If no organisms appear in vessels hermetically sealed and kept an hour in boiling water, their absence must proceed from some other cause."' Needham had argued that the sealing of flasks had diminished the elasticity of the contained air and so prevented the growth of organisms. 8 Spallanzani tested the validity of this assertion by preparing infusions as before, but he drew out the necks of the flasks to capillary fineness. This capillary neck could be quickly sealed in the blowpipe without heating the air contained in the flask. No organisms developed in infusions well-boiled before sealing the flasks.4 As a further test he sealed up infusions in vessels containing both rarefied air (i.e., air of " diminished elasticity") and compressed air, and immersed the vessels in boiling water for periods varying from half a minute to two minutes. But organisms appeared in every case when the vessels were cooled and left for some days.5
From these experiments Spallanzani drew two conclusions.' (a) Heat deprives sealed-up infusions of the micro-organisms they contain. This is evident since micro-organisms appear in unboiled infusions in open and closed vessels, but do not appear in well-boiled infusions in hermetically sealed flasks. The mere closing of the flasks cannot be the cause of their absence. (b) The heating of infusions to boiling point for one hour kills mature micro-organisms. 7 This work of Spallanzani on sterilization is most startling in its modernity. It shows that Pasteur had an able predecessor. Having effectively refuted Needham's views on spontaneous generation, Spallanzani was compelled to explain why microorganisms appear in infusions of dead organic matter.
If micro-organisms do not originate by the agency of 'vegetative force-' we must ascribe their origin to eggs, seeds, or pre-organized corpuscles, which I distinguish by the generic name of germs."8 According to Spallanzani these germs are so small in size that they penetrate the smallest pores and openings, and this explains the results obtained by Needham in favour of spontaneous generation, since he used corked vessels.
"We are led to ascribe the origin of micro-organisms," wrote Spallanzani, "to germs in the medium in which they develop. For a limited time the germs resist the influence of heat, but at length they succumb to it. The micro-organisms appearing in infusions in open flasks exposed to the temperature of boiling water, or to the flame of the blowpipe, do not appear because their germs have resisted so great a degree of heat, but because other germs have entered the infusions from without after the heat has been withdrawn."9 A further controversy resulted between Spallanzani and Needham on the origin of micro-organisms. Needham, whilst accepting the animal nature of animalculte, believed that they were derived by a kind of metamorphosis from plant matter under the influence of " vegetative force." According to Needham's account, "plant matter I Ibid., Cap. II, pp. 22-24. 2 Ibid., p. 24. 3 Quoted by Spallanzani, op. cit., Cap. III, p. 25 4 Ibid., Cap. III, pp. 26-27. 5 Ibid., pp. 28-29. 6 ibid., p. 38. 7 Ibid., p. 39. 8 Ibid., p. 40. 9 Ibid., pp. 42-43. swells up and is filled with a limpid liquid, which finally produces globules. These globules are truly animated, and run hither and thither with all the characteristics of ordinary microscopic beings."' Curiously enough similar views were held by two nineteenth-century microscopists, Fr6my' and Tr6cul.' Spallanzani's careful microscopical examination of seeds and plant matter in a state of decomposition failed to verify any stage in this supposed metamorphosis of inert plant matter into living animal matter. He firmly denied the transformation, and by his skilfully conducted observations reduced Needham's system of generation to a gross absurdity.4
Discussing the problem of the origin of the micro-organisms in infusions, Spallanzani considered that these must either have pre-existed in the organic matter il which they later appeared, or else that they must have come from exterior germs.' If the organisms pre-existed in the organic matter they should still preserve their vitality in the absence of the fluid of an infusion. Actually he found that they perished on the evaporattion of the liquid in which they first made their appearance.6'
But their germs resisted desiccation to a considerable degree. Hence Spallanzani accepted the view that germs or little eggs passed from the air into infusions and gave rise to micro-organisms. Provided that he destroyed the organisms of infusions by heat and kept them from the air, he observed that no fresh organisms were produced, but that they soon developed in the presence of air. Accepting the view that the new organisms had their origin in germs, he was convinced that the germs must have come from the air.' In answer to the objection that such germs could not be seen, Spallanzani replied, "It matters little whether these germs or seminal principles are visible or no. Invisibility is no proof of non-existence. The germs may be either too transparent or too minute for perception."8 As final proof that the germs of micro-organisms must ultimately come from the air, Spallanzani performed the following experiments.9 Sixteen large vessels containing infusions were divided into groups of four. One group was hermetically sealed;
one closed with well-fitting wooden stoppers; one closed with cotton; and one left open. The contents of all sixteen flasks were boiled for an hour, left for a month, and then examined. The vessels that had free communication with the air were full of micro-organisms, those stopped with cotton contained about a third.of the number found in the open vessels, and slightly exceeded the number of organisms in the flasks with wooden stoppers. The hermetically sealed vessels contained the fewest organisms of all. From these observations Spallanzani concluded that the rate at which micro-organisms develop in infusions is proportional to the degree of communication with the external air. "Micro-organisms are derived from germs brought by the external air, or from germs mixed with the infusions. Air is their vehicle and it should convey a larger number of germs into open vessels than into those partially closed or into which the air can only penetrate with difficulty, as in vessels plugged with cotton or wood. The volume of air included in hermetically sealed vessels will produce the organisms that appear, but these will be few compared to those in the open or partially closed vessels.'" 4 Spallanzani, op. cit., pp. 127-136. 5 Ibid., Parte II. Cap. XI, p. 196. 6 Ibid., p. 197. 7 Ibid. 8 Ibid., p. 200. 9 Ibid., Cap. XI, pp. 200-201. 10 Ibid., pp. 201-202.
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Spallanzani had observed that the germs of micro-organisms can resist adverse conditions more easily than the micro-organisms themselves. Thus whilst the mature, micro-organisms succumbed to low temperatuires, boiling water, and desiccation, their germs were unharmed after exposures lasting the same time.' This explained why the short boiling of an infusion never rendered the liquid sterile. The heat destroyed the mature organisms but not their germs. Incidentally by discovering that moist heat exerted a more destructive effect upon germs than dry heat, Spallanzani introduced a very important principle of sterilization.2 He knew that rnoulds withstand a dry heat much above 1000 0. for some time, but succumb when left in steam or boiling water for a like period.3
In his masterly researches on the origin of moulds, Spallanzani demonstrated that these organisms are not spontaneously generated. He described with great accuracy the external morphology of various moulds, their organs of fructification, and their conditions of growth.4 He obtained mould spores in the form of a fine dust from the sporangia and sowed these spores in suitable media.5 New moulds soon developed, but not when the spores were sown in media devoid of nutritive material, e.g. stones, glass, paper.6 That these seeds were the true seeds of moulds was further established by showing that they always gave rise to the same species of mould from which they were derived.7 Finally he further refuted the view that moulds were generated spontaneously by enclosing bodies subject to mouldiness in flasks, some of which were open to the air while others were provided with a fine capillary tube.8 Moulds appeared in all cases, but those exposed most to the external air had a more prolific growth than others. He then hermetically sealed small vessels containing organic media suitable for the development of moulds, and plunged the vessels foor several hours in boiling water. No mould developed after a considerable period, nor did it when the organic matter was sterilized and then kept in vacuo. 9 Spallanzani thus proved that the ultimate origin of mould spores is the air.
These brilliantly conducted and interpreted experiments of Spallanzani on sl)ontaneous generation, and his remarkably modern explanations, can only be appreciated by a perusal of Pasteur's work on the subject. Unfortunately Spallanzani's work in this direction bore no immediate fruit. In the next century it supplied a link in the biogenetic theory of fermentation by stimulating the interest of a, small group of writers, among whom we may mention Gay-Lussac (1778-1859), Schultze (1815-73), and Schwann (1810-82). The researches of these investigators on spontaneous generation also threw much light on the nature of fermentation. By improving the methods invented by Spallanzani they attempted to prove that air-borne micro-organisms and their germs are the real cause of fermentation and putrefaction. These investigators were the originators of the biogenetic theory of fermentation.
SPALLANZANI ON 4 Ibid., pp. 258-261. 5 Ibid., p. 266, etc. 6 Ibid., p. 270. J Ibid., p. 268. . Ibid., Ibid., p. 275.
1o Van Helmont, Ortu1s medicinw. Amsterdam, 1648. Tract XXI, p. 209, § 2; p. 210, §s 12-13. depended upon an acid ferment.' Sylvius (1614-72) and his pupils regarded digestion as a dissolution of food into assimilable matter by fermentation, in which the saliva and pancreatic juice played the principal r6le.2 Regnier de Graaf" (1641-73), who discovered pancreatic juice in 1664, maintained that this fluid was one of the fundamental secretions in digestion. Further anatomical and physiological researches by Peyer4 (1653-1712) and Brunner5 (1653-1727) served to support the belief in the occurrence of ferments in the alimentary tract. On the other hand, Borelli6 (1608-79) and the iatro-physical school held that digestion resulted from the trituration of food within the stomach. In his inaugural dissertation, De intestinis7 (1684), Stahl (1660 Stahl ( -1734 implied that saliva and pancreatic juice played an important part in digestion, which he regarded as a special type of fermentation controlled by "the energy of the soul."8 Boerhaave9 effected a synthesis of the iatro-chemical and physical views by regarding digestion as a kind of solution aided by trituration. He admitted that the stomach contents under the action of heat underwent " an attenuated fermentation," different from that occurring outside the body. Albrecht von Haller ( 708-77) accepted the view that the gastric juice exerted a softening effect on food, eventually macerating or dissolving it. Yet he did not consider that the change was effected by a ferment, but rather by a kind of incomplete putrefaction.'0 These various views on digestion were tested by R6aumurl' (1685-1757), who in 1752 proved digestion to be mainly the result of the solvent action of the gastric fluid. He caused a kite to swallow food contained in hollow metal tubes open at both ends. The tubes being rejected per os were examined, and Reaumur found that the food they contained was softened and bitter to the taste.'" He obtained gastric juice by administering to the bird hollow perforated tubes containing sponges. After recovery of the tubes the sponges yielded some fifty to sixty minims of an opaque, cloudy, yellowish-white and salt-tasting acid juice.'3 With this Reaumur attempted to perform digestion in vitro, but he found that the fluid, although softening food, did not completely digest it."4 We note that he made no attempt at keeping the food at body temperature.
Some twenty-four years elapsed before the French writer's researches were continued and extended by Spallanzani. His discoveries on digestion, although conducted during the years 1776-7, were not published in collected form until 1780. '5 Reaumur had experimented with only a few animals, but Spallanzani went further and experimented with a large number, himself among them. His first dissertation was concerned with the digestion of birds with strong stomach muscles. Since Borelli (1681) it had been argued that these birds digested their food by the mechanical trituration of the gizzard, and this conclusion was falsely extended to explain digestion generally by the iatro-physical school. Spallanzani improved on RWaumur's perforated tubes by substituting cylindrical metal vessels open at each end, the two apertures being covered by wire gauze.' He confirmed iRaumur's observation that various hard seeds whilst kept within the metal tubes remained undigested in the stomachs of the birds, although unprotected seeds given as a control were speedily digested.2 In other tests he used pierced hollow spheres of metal and wood to hold the food, so that the gastric juice would penetrate more easily.' The spheres were recovered by the mouth or by opening the animal.
Spallanzani was forced to draw the same conclusion as RWaumur, namely that the chief factor in the digestion of certain birds is the trituration or mechanical muscular action of the coats of the stomach.4 This appeared obvious from the fact that glass was pulverized and thin hollow tubes were crushed on passing through the gizzards of such birds.' It had been suggested by Redi and RWaumur that the small stones found in the gizzards of certain birds were necessary for digestion, acting presumably by triturating the food.6 Spallanzani controverted this view, since he observed that birds deprived of such stones still digested their food.7 He further showed that trituration resulted from the peristalsis of the gastric muscles, and that by breaking up the food trituration aided digestion.8 He demonstrated this by administering to birds chopped food in hollow tubes. On recovering the tubes much of the food was found to be digested.9 At this point Spallanzani made experiments on artificial digestion, or digestion in vitro. He extracted a considerable quantity of gastric juice from the stomachs of various birds, describing the yellow fluid he obtained as a limpid liquid with a bitter and salt taste.10 Spallanzani then placed macerated food in the gastric juice, and kept the whole at body temperature for three days. It will be noted that RWaumur failed to observe this precaution and thus obtained unsatisfactory results. In each of Spallanzani's tests digestion, although not complete, was well advanced, and by repeated additions of gastric fluid the food eventually became entirely dissolved. In a control experiment he placed food in water instead of gastric juice. Signs of slight putrefaction soon set in, but the food remained undigested."1
The chief subject of Spallanzani's second group of researches was a crow. This animal proved exceedingly useful because it vomited every two or three hours anything it could not digest."2 It was forced to swallow hollow silver tubes and spheres containing various foods, and after three hours the metal objects, being of an indigestible nature, were vomited. An examination of their contents was then made."3 By repeatedly administering the same food in the same tube Spallanzani I Ibid. Diss. I. § III. 2 Ibid. § IV.
Ibid. § VII. 4 Ibid. § VIII. -Ibid. § § X-XII, XV-XIX.
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x Ibid., § § XXIX and XXXIV. 9 Ibid., § § XXXIX aiid XLIII. 10 Ibid., § LVI. i1 Ibid. 12 Ibid. Diss. II. § LIX. 13 Ibid. § LXI. was able to subject the food to the action of the gastric juice for any period of time he pleased. These experiments proved that visible signs of gastric digestion appeared in about an hour, and that in about seven hours most food was rendered completely fluid. Vegetables, fruit and bread were digested more easily than meat. ' Spallanzani further proved that the rate of digestion is proportional to the amount of gastric juice surrounding the food.2 Thus food enclosed in tubes was digested far more slowly than that constantly surrounded by the gastric fluid. This was ascertained by causing the bird under observation to swallow food tied to string or wire, so that it could be pulled up after a given time and its state compared to that of food administered in metal tubes. 3 Spallanzani attributed the more rapid solution to the free action of the gastric juice.
By tying sponges to the end of a wire and making the crow swallow the sponges, which he afterwards withdrew, Spallanzani obtained further supplies of gastric juice. This fluid was also obtained by making the crow swallow metal tubes containing sponges, which were recovered full of gastric juice after the bird had vomited the tube. He observed that the efuid had similar characteristics to that obtained from other birds.' It was bitter and salt to taste, and when cold had no more action on food than ordinary water, although when kept at the body temperature it speedily produced the dissolution of food. Similar artificial digestions were brought about with the gastric juices of a large number of animals. Obviously the gastric juice obtained was not pure. It was a mixture of saliva, juice secreted by the cesophagus, possibly pancreatic juice, and bile, which accounted for its bitter taste. Yet Spallanzani did not fail to notice that digestion in vitro occurred more slowly than in the stomach.' He ultimately concluded that this was due to the constant renewal of gastric juice in the stomach. The body undergoing digestion was constantly bathed in the fluid, whilst the substance undergoing change in vitro was surrounded by a very limited quantity oi juice that was never renewed. 6 Spallanzani confirmed this view by allowing gastric juice to drop very slowly on to pieces of meat, which were rapidly digested. The same quantity of juice proved less efficacious when acting on meat in small tubes. The general conclusions that Spallanzani drew from these experiments on various birds were confirmed by further researches on other animals.7 These all showed that gastric fluid causes digestion by its dissolving action on food. During his experiments on birds Spallanzani paid special attention to the comparative digestibility of different animal tissues. He observed that fleshy and soft parts were easily digested, but bones, born, hard skin and hair were usually unaffected, although tests on some birds showed that they could slowly digest bone. 8 Spallanzani further noted that the gastric juice is specific for each type of animal. Thus he discovered that the gastric fluid of ruminants is specially adapted to the digestion of grass and fodder, whilst carnivorous animals secrete a fluid particularly potent for flesh but not for vegetable foods.9 Special interest is attached to his observation that under the stress of starvation animals will gradually accustom themselves to a new diet. He induced carnivorous animals to become herbivorous, and vice versa.'0 The administration of tubes containing food to ruminants did not result in successful digestion because the food could not then be 1 Ibid. § § LXII-LXV. 2 Ibid. § §LXVI-LXVII1. 3 Ibid. N LXVIII. 4 Ibid. § § LXXXI-LXXXIII. 5 Ibid. § LXXXVIII. 6 Ibid. §XCI. 7 lbid. Diss. II1. 8 Ibid. § § XCVII-XCVIII; Diss. II. § § CXLVIII, CLVII, CLXXXIII; Diss. V. § CXCVI. 9 Ibid. Diss. IV. § CLXIX. 10 Ibid. CLXXV. ruminated. To overcome this difficulty Spallanzani thoroughly masticated the food before placing it in the tubes. These were then given to the animal, and an examination of the tubes after they had been voided showed that digestion was complete. Spallanzani thus established the fact that ruminants only digest macerated food, the maceration being accomplished by the constant rumination. This process is analogous to trituration in the case of certain birds. ' Spallanzani regarded digestion as a process occurring mainly in the stomach.
He was however aware of the softening action of the saliva, and his investigation of the juice secreted by the cesophagi of certain birds proved that this undoubtedly starts the digestion that continues in the stomach. In the dissertation where he deals with human digestion he expresses the opinion that although digestion occurs mainly in the stomach it is perfected in the intestines. 2 Spallanzani believed that the gastric juice had its origin in the glands of the stomach, since they appeared to secrete a fluid that continually reappeared wben wiped off. He did not collect enough fluid from the glands of an isolated stomach to test this view tboroughly. It is noteworthy that Spallanzani was the first to conduct extensive observations on human digestion within the living body. Rather than rely on analogy he experimented on himself. During his observations on an eagle he caused the bird to swallow meat tied up in a small linen bag, which was examined after being voided. No meat was found in it, and this suggested that the meat had been rendered soluble and had diffused through the linen bag into the stomach or intestines. 3 Spallanzani was prompted to experiment on himself in the same manner and be courageously swallowed food contained in metal tubes, wooden spheres, and linen bags. He found that the food contained in linen bags was perfectly digested when these were voided, although imperfect digestion resulted when the food was not thoroughly masticated. 4 Mastication, Spallanzani pointed out, is an important aid to human digestion, and takes the place of trituration in some birds.5 Trituration plays no part in human digestion because food is still digested when enclosed in small wooden spheres.6 Soft and hard bones included other articles of this worthy physiologist's diet. The soft bones were digested but not the hard. 7 Wishing to obtain some of his own gastric juice Spallanzani first considered swallowing tubes containing sponges, hoping that they would be vomited later. He finally decided to take the safer course of making himself vomit on an empty stomach, but after one or two trials declared that his curiosity could not conquer his repugnance.8 He described the juice he obtained as a thick, foaming, saline liquid, and he successfully carried out digestion in vitro by means of it. As in previous cases, it was necessary to maintain both food and gastric juice at body temperature.9
According to Boerhaave'0 food underwent a putrefaction or fermentation in the stomach, where warmth, moisture, and the residue of previously digested food promoted the process. He further considered that trituration played an important r6le in the digestion of hard food. Spallanzani experimentally controverted these views.
He showed that, except in the case of certain birds, trituration is a negligible factor in digestion, and he disproved Boerhaave's view that the residue of already digested food aids digestion. In fact he observed that digestion is more rapid and efficacious on an empty stomach.1
In 1772 John Hunter (1 728-93), the celebrated English surgeon and anatomist, directed his attention to the problem of digestion.2 He examined the stomachs of animals and humans after death, and recorded that the wall of the stomach was partly digested. This he ascribed to the continuance of normal digestion after death, the gastric fluid dissolving the stomach itself when this was deprived of the vital principle.' Hunter considered that digestion took place independently of the warmth of the body. These observations were the beginnings of an animated controversy between Hunter and Spallanzani. Spallanzani failed to confirm the Englishman's observations, and only noted a few cases of softening of the stomach wall after death. Moreover his experiments showed that digestion does not occur at temperatures below that of the body.4
Hunter5 retorted by suggesting that Spallanzani was deficient in anatomical knowledge. This impolite criticism was answered in a dignified letter from Spallanzani in 1788.6
Observations on digestion after death were continued by Spallanzani. He noted that digestion continued for some hours after death, although at a much slower rate than during life.7 Hunter was essentially a vitalist, and held the opinion that the action of the gastric juice depended upon some vital principle only met with in the body. It was shown however by Spallanzani that digestion resulted from the action of the gastric juice acting independently of any vitality or vital force, since he ,witnessed digestion in the stomachs of many animals several hours after death. In other experiments he isolated stomachs containing previously ingested food, which began to soften in about five hours and a half, although there was no connection with the living body.8
In his sixth dissertation Spallanzani discusses the nature of digestion. It was universally accepted in the latter part of the XVIIth century that digestion and in fact all physiological processes were types of fermentation.
To quote Bellini?
(1643-1704), a contemporary writer, " Fermentorumn et fer^mentationum plena sunt omnia." Spallanzani would not grant that a proper fermentation occurred during digestion because he had never observed effervescence taking place,W°a nd moreover the contents of the stomachs of animals opened on a full stomach showed no signs of active fermentation.", Like most chemists of the century, Spallanzani still identified fermentation with a frothing or bubbling movement, with an " intestinal motion." As Spallanzani observed such motion in food undergoing digestion, he concluded that no " sensible fermentation " occurred."2 During the eighteenth century a certain school of physiologists held the view that digestion was connected with fermentation of an acid nature. Spallanzani considered the evidence for and against this. He established the fact that partly digested food has an acid reaction, but ascribed this to the nature of thefood3 it must not be forgotten that the chemical tests for acids and alkalis were far from -perfect at this period. But Spallanzani's tests must have been hopelessly inadequate when he inferred that a vegetable diet rendered the chyle more acid than a meat diet, whereas the converse is the case.' According to him, the gastric juice that he examined had an acid taste, although he failed to confirm this chemically. From chemical tests both Spallanzani and his colleague Scopoli (1723-1788) concluded that gastric juice was a neutral saline body.2 Spallanzani ascribed the acid taste and smell of the stomach contents to the tendency of food to sour, and hence he regarded these properties as abnormal. Although granting that food undergoing digestion was often acid, Spallanzani considered that the acidity disappeared before digestion was complete.3
Finding that he could not detect any acid in the gastric juice by ordinary chemical means, Spallanzani had recourse to a bio-chemical method. He knew that traces of acids coagulate milk, and that milk coagulates rapidly in the stomach. Accordingly he observed that an aqueous extract of the stomach membrane coagulates milk. Gastric juice itself has this property, and Spallanzani concluded that the coagulation was due to an acid which was latent since it did not respond to ordinary chemical tests.4 It seems incredible that Spallanzani missed the acid nature of the gastric juice, the knowledge of which was fully grasped by van Helmont nearly a century and a half previously.5
Those physiologists who followed the doctrines of Haller held that digestion was a type of incomplete putrefaction. Spallanzani showed that digestion was totally opposed to putrefaction. In fact, he observed in controls kept at body temperature that digestion was over before putrefaction had time to commence. Whereas food was resolved into chyle in a few hours by gastric juice, putrefaction in controls kept in water did not set in until the corresponding number of days.6 An examination of the stomach contents several hours after a meal revealed no sign of putrefaction.7 Furthermore, Spallanzani observed that gastric juice even destroyed the putridity of slightly putrid meat, and for this reason he classed it as an " antiseptic."8 It is to Spallanzani and R6aumur that we owe the experimental recognition of the solvent power of gastric fluid. Spallanzani made a definite advance by proving that digestion did not correspond to putrefaction or to any type of fermentation known in his day. Although he recognized that digestion was not a fermentation in the then accepted sense of the word, he was at a loss to explain how the gastric juice acted upon the food. If he had insisted upon the acid nature of the gastric juice, Spallanzani would have probably short-circuited the history of the physiology of digestion by-some fifty years. There is, however, a possible explanation of his failure to emphasize the acid reaction of the juice. Many of his tests on acidity were made on juice extracted from a fasting animal, and consequently such juice would not be so acid as that actively engaged in bringing about digestion. When he did detect acidity he considered it abnormal. Hunter originally regarded the acidity of gastric juice as being of some importance in digestion,9 although later he attributed its presence to the decomposition of sugar in the food.'0 An important
